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When measuring the skin ¯uorescence in vivo, the
absorption of chromophores such as melanin and
hemoglobin often contribute predominantly to the
changes in ¯uorescence and obscure the information
from the ¯uorophores. We measured in vivo the
collagen-linked 375 nm ¯uorescence (excitation:
330 nm) and 455 nm ¯uorescence (excitation:
370 nm) from nonexposed buttock skin of healthy
volunteers. Skin pigmentation and redness of the
same sites were quanti®ed by re¯ectance of the skin
at 555 nm and 660 nm. Multiple regression analysis
was used to ®nd the correlation between the ¯uores-
cence and skin pigmentation and redness. The ¯uor-
escence was corrected for the impact of pigmenta-
tion and redness according to the equation found in
the regression analyses. The age-related trend of the
¯uorescence was evaluated. The 375 nm ¯uorescence
showed positive relation to age, whereas the 455 nm
¯uorescence showed no signi®cant relation to age.
The increasing rate of the 375 nm ¯uorescence (loga-
rithm transformed) was 2% per year, which is com-
parable with previously published data. The results
suggest that the correction of the auto¯uorescence
intensity for skin pigmentation and redness is valid,
and the 375 nm skin auto¯uorescence may be used
as a biologic marker of skin aging in vivo. Key words:
collagen ¯uorescence/in vivo/multiple regression. J Invest
Dermatol 116:536±540, 2001
R
ecently, there has been an increasing interest in
applying ¯uorescence-based techniques in detecting
skin alterations such as aging and photoaging, as
¯uorescence spectroscopy enables quantitative in-
vestigation of ¯uorescent molecules (¯uorophores)
in skin (Leffell et al, 1988; Odetti et al, 1992; Kollias et al, 1998).
Known skin ¯uorophores include nicotinamide adenine dinucleo-
tide (NADH), collagen, elastin, tryptophan, ¯avins, and porphyrins.
These ¯uorophores absorb certain wavelengths of radiation,
transform the energy, and release it again in the forms of
¯uorescence that have longer wavelengths. Each ¯uorophore has
its characteristic excitation and emission wavelengths, a phenom-
enon that enables localization and further quanti®cation of a
particular ¯uorophore (Leffell et al, 1988; Odetti et al, 1992;
Harendt et al, 1994; Kollias et al, 1998).
Collagen-linked ¯uorescence is of particular interest, because of
its role in skin changes during aging and photoaging (Quaglino et
al, 1996). Elastin ¯uorescence is less studied because its signal is
relatively weak and is largely overlapped by emission of other
¯uorophores (Banerjee et al, 1998). It is noted that the advance
glycosylation endproducts (AGEs) that cross-link collagen are the
source of the collagen-linked ¯uorescence. Collagen-linked ¯uor-
escence includes two bands with excitation:emission maxima
around 335:385 nm and 370:440 nm, corresponding to pepsin-
digestible (pentosidine) and collagenase-digestible cross-links,
respectively (Sell et al, 1991; Odetti et al, 1992; Kollias et al,
1998). The AGE accumulate during aging (Sell et al, 1991; Dyer et
al, 1993). The aging-related increase of the collagen-linked
¯uorescence has also been found in vitro in tissues such as aorta
and skin (Sell et al, 1991; Odetti et al, 1992; Dyer et al, 1993; Bruel
and Oxlund, 1996; Kollias et al, 1998). This ¯uorescence is 2±4
times higher in skin of diabetes patients than normal controls, due
to accelerated chemical aging (Dyer et al, 1993). In photoaged skin,
however, collagen-linked ¯uorescence decreases or even fades
(Kollias et al, 1998).
Although in vivo measurement on skin of albino mice has proven
the aging-related increase and photoaging-related decrease of
collagen ¯uorescence (Kollias et al, 1998), it still remains a
challenge on human skin because of the in¯uence from other
skin components, such as melanin and hemoglobins (Anderson,
1989). Absorption is the main reason (and accounts for more than
93%) why light does not pass through skin. In the wavelength
region less than 300 nm, the major absorbers are aromatic amino
acids, nucleic acids, urocanic acid, and melanin; in the region 350±
1200 nm, the main absorbers are melanin, hemoglobin, and
bilirubin (Anderson and Parrish, 1981). Because the excitation
and emission bands of collagen-linked ¯uorescence are in the
region 330±500 nm, the main optical disturbance to it comes from
the absorption of melanin, hemoglobin, and bilirubin. Among
these, melanin and hemoglobin contribute particularly to the
variation of the ¯uorescence intensity, since the contents of them in
skin vary greatly between individuals and in different situations;
bilirubin, however, remains approximately constant in skin in
normal situations (Anderson and Parrish, 1981; Lock-Andersen
et al, 1998a). Fortunately, because of their characteristic absorption
spectra, the absorption of melanin and hemoglobins can be
quanti®ed by diffuse re¯ectance measurement, which in return
enables quanti®cation of their relative content in skin, termed as
skin pigmentation and redness, respectively (Wulf, 1986).
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The aim of this study was to investigate the relation between the
auto¯uorescence and pigmentation and redness of skin, so as to ®nd
an approach to correct the ¯uorescence for the impact of the two
factors. The relation between skin auto¯uorescence and age was
evaluated, and was compared with the published data.
MATERIALS AND METHODS
Subjects The local ethics committee approved the study (Ref. KF01±
020/99, Copenhagen County Ethics Committee). Informed consent was
obtained prior to the measurements. The auto¯uorescence, pigmentation,
and redness were measured in vivo from nonexposed buttock skin of
healthy volunteers, so that the in¯uence of photoaging was excluded.
Detailed information about the subjects is summarized in Table I.
Skin auto¯uorescence measurements The auto¯uorescence was
measured with a ¯uorescence spectrometer system (Fl3095, J&M
Analytische Mess-und Regeltechnik GMBH, Aalen, Germany). The
system consists of a high pressure xenon lamp (75 W) with a
monochromator (band width 8 nm), and a MMS photo diode array
system (256 elements; pixel resolution: 3.2 nm/pixel. Zeiss, Germany). A
quartz Y-®ber (wavelength allowance range: 120±1600 nm. Volpi AG,
Zurich, Switzerland) was used to conduct the excitation light to the skin
and collect the ¯uorescence signal to the detector. The Y-®ber consists
of a core ®ber (0.6 mm in diameter) that was connected to the light
source, and a bundle of thin ®bers (30, 0.1 mm in diameter) connected
to the detector. The two types of ®bers joined to build the detective leg,
with the core ®ber surrounded by the thin ones. The detective leg was
placed on skin during the measurements. The detector output was
displayed and stored in a personal computer that controlled the operation
of the monochromator.
All measurements were performed at room temperature in a dark
room. The instrument was calibrated daily by measuring the ¯uorescence
from a ¯uorescence standard. The ®ber probe was placed gently and
perpendicularly on skin during the measurements. The skin auto¯uores-
cence was induced by illuminating the skin with 330 nm excitation light
for 10 s and 370 nm light for 5 s, respectively. These excitation
wavelengths are suggested to be skin collagen-linked (Sell et al, 1991;
Odetti et al, 1992; Kollias et al, 1998). Filters (Schott WG360 for
330 nm, and Schott GG420 for 370 nm excitation light) were inserted
between the receiving ®ber and the detector to diminish the re¯ected
excitation light from entering the detector. Coef®cient of variance was
11% for ¯uorescence of normal skin.
Skin pigmentation and redness measurements Skin pigmentation
and redness were measured with a skin re¯ectance meter (UV-Optimize,
Model Matic 555, Matic, Denmark) in the same sites as ¯uorescence
measurements. The equipment measures re¯ectance of skin at 555 nm
and 660 nm, and conveys relative content of melanin and hemoglobin in
skin in arbitrary scales.
Melanin absorbs radiation from the ultraviolet to infrared region,
hemoglobins absorb mainly below 620 nm with characteristic absorption
peaks between 540 and 580 nm. These characteristic absorption peaks of
hemoglobins have often been used to monitor and analyse skin vascular
reactions. In the coexistence of melanin and hemoglobins, however,
wavelengths above 620 nm should be the choices for estimating the
melanin content with modest interruption from hemoglobins.
Experiments on human arm skin temporarily drained from blood ¯ow
(skin type I to V) showed a linear relation between the re¯ectance of
light with peak wavelength 660 nm and logarithm-transformed (Ln)
re¯ectance of light with peak wavelength 555 nm. The zero blood ¯ow
was obtained by wrapping the arm tightly with a bandage and squeezing
the blood from ®ngers to the upper arm. A cuff was in¯ated on the
upper arm to obstruct the re-perfusion during the measurement. When
increasing the blood supply of the arms (the reactive redness after the
zero ¯ow, and by placing the unwrapped arm in different relative
positions: up, horizontal, and down), the slope of the regression line
changed but the Y-intercept remained the same. As the melanin contents
were the same, the only factor causing the change of the slope was
hemoglobins. Therefore, the slope is a measure of hemoglobin content
in the skin regardless of the oxidized or deoxidized state of hemoglobin,
since both absorb strongly at 555 nm. This measurement was termed as
skin redness, and was scaled as 0%±100% skin redness. Zero per cent skin
redness corresponds to the skin where blood has been temporarily
drained from the area, and 100% redness was ®xed to the re¯ectance of a
highly vascular skin lesion as found in facial dark-blue nevus ¯ammeus.
This scale correlated linearly to the clinical scaling of skin redness
generated by UV lamp irradiation (0 to +++): clinical 0 redness
corresponds to 29% 6 6% skin redness measured by Optimize (mean
6 SD), + corresponds to 37% 6 7%, ++ to 44% 6 7%, +++ to 52% 6
7% (n = 49). The clinical scale correlates linearly to Laser Doppler
Flowmetry measurements (Wulf, 1986; Lock-Andersen et al, 1998).
The re¯ectance of 660 nm light indicates mainly the melanin content
of skin; however, hemoglobins also absorb in this wavelength to a minor
degree. To correct this, measurements were done in the same spot of an
arm with different blood ¯ow to ®nd the correlation between the
re¯ectance and blood supply. When the blood supply is not zero, this
correlation enables sorting back to the zero-blood ¯ow point where the
re¯ectance corresponds only to melanin absorption. Therefore, the
melanin content of skin, termed as skin pigmentation, is determined
when the skin redness is zero. In the most pale persons, when the arm
was drained from blood, the re¯ection of 660 nm light was 70%, which
was de®ned to be 0% pigmentation, and 100% pigmentation corresponds
to 0% re¯ection of the 660 nm light. Pigmentation measurement
correlates linearly to Fitzpatrick's skin type evaluation, though the
pigmentation had great standard deviation within each category of skin
type (Lock-Andersen et al, 1998b).
Although the initial experiments were performed on arm skin, the
principle is useful in skin of all body sites, since melanin and
hemoglobins are responsible for more than 90% of the absorption of skin
in the used wavelength regions (Anderson and Parrish, 1981). Other
factors such as the thickness of stratum corneum contribute to the
variations of the measured values, particularly when measured from
different body sites.
The instrument contains two light emitting diodes with peak wave-
lengths at 555 nm and 660 nm, and a photo diode detector. A tube
probe (outer diameter: 25 mm, inner diameter: 15 mm, length: 100 mm)
hold the three diodes with 120° angle between each two to minimize
direct re¯ection of light from the light source into the detector. A ®lter
(1 mm thick, Schott BG38) was placed in front of the diodes to
minimize infrared sensitivity. The probe tube allows a 5-mm open space
between the ®lter and skin. During the measurement, the probe was
placed gently and perpendicularly on skin and the percentages of
pigmentation and redness were read on a display. The linearity of the
Table I. Information on the test subjects
330:375 nm peak 370:455 nm peak
Number of subjects (male/female) 48 (22/26) 67 (29/38)
Median age (y) (range) 27 (20±73) 30 (20±73)
Skin type (I, II, III, IV, V) 1, 8, 20, 13, 6 3, 11, 25, 22, 6
Median skin pigmentation (%)
(range)
17.0 (2.8±53.6) 15.3 (3.6±53.6)
Median skin redness (%) (range) 17.7 (0.2±31.1) 17.6 (0.2±32.1)
Table II. The regression coef®cient of age, skin pigmentation, and redness
330:375 nm peak
Coef®cient (95% CI) p
370:455 nm peak
Coef®cient (95% CI) p
Pigmentation ±0.120 (±0.149 to ±0.091) <0.001 ±0.059 (±0.075 to ±0.043) <0.001
Redness ±0.076 (±0.119 to ±0.032) <0.001 ±0.024 (±0.047 to ±0.0006) 0.044
Age 0.020 (0.008 to ±0.033) 0.002 0.005 (±0.003 to ±0.012) 0.233
Correlation coef®cient (r2) 0.86 ± 0.73 ±
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instrument was ensured by measuring certi®ed re¯ection standards (2%,
5%, 10%, 20%, 40%, 60%, 80%, 99% (Lobsphere), and 100%
(International standard ISO 2469)) (Wulf, 1986).
Data analyzes The ¯uorescence intensities (peak height) were
measured at 375 6 3 nm (excitation 330 nm) and 455 6 3 nm
(excitation 370 nm). Since the raw data were not normally distributed,
these ¯uorescence intensities were log-transformed. Multiple regression
was undertaken with the ¯uorescence intensity entered as the dependent
variable and skin pigmentation, skin redness, age, sex, and skin type as
independent variables. The possible interrelations of age, sex, skin type,
skin pigmentation and redness were therefore taken into consideration by
the multiple regression analysis. Sex and skin type were excluded in the
®nal calculations since they did not produce signi®cant regression
coef®cients.
RESULTS
The correlation between the ¯uorescence and skin pigmentation
and redness were highly signi®cant. The regression coef®cients are
shown in Table II. Negative relation between ¯uorescence and
skin pigmentation and redness was found in both 375 nm and
455 nm ¯uorescence.
The ¯uorescence intensities were corrected for skin pigmenta-
tion and redness according to the equation:
Fpredict = b + cage3age + cpigmentation3pigmentation +
credness3redness,
in which F is the ¯uorescence intensity, b is the Y-intercept, and c
is the regression coef®cient.
Ideally, the measured ¯uorescence intensities Fmeasured = Fpredict
therefore the ¯uorescence intensity corrected for skin pigmentation
and redness (Fcorrected) would be:
Fcorrected = Fmeasured ± cpigmentation3pigmentation ±
credness3redness = b + cage3age.
These corrections are shown in Fig 1 and Fig 2.
The 375 nm skin ¯uorescence had a positive relation to age, and
the 455 nm ¯uorescence was not age-related (Table II). Figure 3
shows the relation of the ¯uorescence with age before and after the
correction for skin pigmentation and redness. The 95% con®dent
intervals of the regression lines were improved after the correction.
DISCUSSION
We studied the relations between skin auto¯uorescence and skin
pigmentation and redness, and corrected the ¯uorescence measure-
ments for the in¯uences of these factors. The correction of the skin
auto¯uorescence is of practical value, since the absorptions may
cause the changing of ¯uorescence intensity and make the
quantitation of ¯uorophores dif®cult (Anderson, 1989).
The correlation coef®cients of the regression model and the
signi®cant regression coef®cients for pigmentation, redness and age
indicated that the chosen model was sensible. The absorption of
melanin and hemoglobins were con®rmed by the negative
regression coef®cients. Pigmentation had stronger impact in the
Figure 1. Fluorescence intensities plotted against skin
pigmentation to show the correction of the ¯uorescence for
pigmentation and redness. The regression lines indicate the trends of
the ¯uorescence changing with pigmentation, the dotted lines indicate
the 95% con®dence interval of the regression lines. The ¯uorescence
decrease with pigmentation before the corrections (s), and became
independent of pigmentation after the corrections, indicating that
pigmentation has no in¯uence on the corrected ¯uorescence (d).
Figure 2. Fluorescence intensities plotted against skin redness to
show the correction of the ¯uorescence for pigmentation and
redness. The regression lines indicate the trends of the ¯uorescence
changing with redness, the dotted lines indicate the 95% con®dence
interval of the regression lines. The ¯uorescence decrease with redness
before the corrections (s), and became independent of redness after the
corrections, indicating that redness has no in¯uence on the corrected
¯uorescence (d).
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375 nm ¯uorescence than in the 455 nm ¯uorescence due to the
fact that melanin absorbs stronger in shorter wavelengths than in
longer wavelengths. Redness had also less in¯uence on the 455 nm
¯uorescence, because the 455 nm ¯uorescence peak appears in the
valley (region 430±530 nm) of hemoglobins absorption spectra
(Anderson and Parrish, 1981; Wulf, 1986). The regression lines for
the age had larger slopes before the correction, since most of our
dark-skinned volunteers were in the age of 20±40 years.
Sexual differences were minor for both of the ¯uorescence
bands. Skin type was substituted by the objective pigmentation
measurement, since it did not produce signi®cant regression
coef®cient at the presence of pigmentation, though it did when
the pigmentation was absent in the multiple regression model (data
not shown). This substitution was also suggested by other
researchers (Lock-Andersen et al, 1998b).
Shown in Figs 1 and 2, the slopes of regression lines were close
to zero after the corrections, meaning the corrections were
suf®cient. The signi®cant positive relation between age and the
375 nm ¯uorescence indicated this ¯uorescence band increases
with aging. The 455 nm ¯uorescence, however, does not change
signi®cantly with aging, since the regression coef®cient of age did
not differ signi®cantly from zero in this band. These results agree
with the observation made in vivo on hairless albino mice by Kollias
et al, supporting the rationality of the corrections (Kollias et al,
1998). Odetti et al measured ¯uorescence from puri®ed collagen
obtained from subcutaneous connective tissue of human subjects at
different ages. They found the ¯uorescence increase 3.7% per year
measured by the regression coef®cient of age, and suggested that
the AGEs accumulate in connective tissue at a certain rate during
chronological aging. The ¯uorescence intensity was logarithm
transformed in their data (Odetti et al, 1992). We found likewise an
increase of the 375 nm ¯uorescence of 2% per year (Table II).
Additionally, Sterenborg et al also reported an age-related increase
of skin ¯uorescence in a rate of 1.4% per year. Their data were
measured in vivo from a group of very light-skinned patients (skin
type I and II) (Sterenborg et al, 1994). The rates reported in the
different studies are comparable, adding further evidence to the
reliability of the corrections made in our study.
Age-related increase of the second band of collagen-linked
¯uorescence (440 nm in other studies, and 455 nm in our data) has
also been reported in in vitro studies (Odetti et al, 1992; Dyer et al,
1993). It, however, did not present in our data, which is in
agreement with the report of Kollias et al who also found that the
¯uorescence corresponding to 370 nm excitation band remained
steady during aging of hairless albino mice (Kollias et al, 1998). This
may be attributed to the overlapping of the ¯uorescence from other
¯uorophores than collagen, such as NADH ± a known tissue
¯uorophore with high ¯uorescent property, and has excitation
maxima around 370 nm and emission maxima around 470 nm.
Other ¯uorephores, such as elastin, may also contribute to the
overlapping of ¯uorescence spectra (Harendt et al, 1994; Banerjee et
al, 1998). Further study is needed to uncover their roles.
We employed an established instrument that estimates relative
melanin and hemoglobin content of skin by re¯ectance measure-
ment. The method is simple and fast. Though the pigmentation and
redness may not represent directly the skin absorption in the
wavelengths that were used for the ¯uorescence measurement, the
correction of the ¯uorescence for these values revealed reasonable
results. Yet, corrections for the skin absorption at the same
wavelengths as those of ¯uorescence excitation and emission may
provide more accurate results. Nevertheless, the 375 nm ¯uores-
cence is age-related and may serve as a marker of chronological
aging of skin in vivo, after it is corrected for skin pigmentation and
redness.
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